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This review characterizes each of the five extinct and extant families of billfishes
and discusses the relevant literature. Families include: hemingwayidae (monotypic;
late Paleocene, turkmenistan), Blochiidae (1 genus, 2 species; middle eocene, Italy),
Palaeorhynchidae (4 genera, ca. 22 species; early eocene-possibly early miocene, eu
rope, Iran, Russia, U.s.a.), Xiphiidae that includes the subfamilies Xiphiorhynchi
nae (1 genus, 9 species; early eocene-late oligocene, egypt, europe, U.s.a.) and Xi
phiinae (monotypic; middle miocene-present, world-wide temperate- tropical seas),
and the Istiophoridae (3 genera, 13 species; middle miocene-present; world-wide
temperate-tropical seas). Billfishes first appeared in the region of the ancient tethys
sea (or Paratethys), except for the Xiphiinae that first appeared in the western north
atlantic ocean. Fossil specimens of all five billfish families are usually considered
to have had the same environmental preferences as extant billfishes, however, those
with upper and lower jaws of equal length were probably less adapted for spearing
than those with a disproportionately longer rostrum. Three genera, Aglyptorhyn
chus, Palaeorhynchus, and Xiphiorhynchus existed for approximately 27 million yrs
(ma) before extinction, whereas the four extant genera Istiophorus, Makaira, Tet
rapturus, and Xiphias have been in existence ca. 11 ma, 15 ma, 5 ma, and 15 ma,
respectively.

The term billfish refers to those perciform fishes with their premaxillaries elon
gated into a non-protrusible rostrum or bill that is fused distally and usually bears
villiform teeth (schultz, 1987; Fierstine, 1990; Fierstine and monsch, 2002). These
fishes comprise three extinct (Blochiidae, hemingwayidae, Palaeorhynchidae) and
two extant (Istiophoridae, Xiphiidae) families. They are generally classified in the
suborder scombroidei of the order Perciformes along with the mackerels, tunas,
and their relatives of the family scombridae (monsch, 2000; Fierstine, 2001a, 2005;
monsch, 2005; monsch et al., 2005), or in the suborder Xiphioidei (gosline, 1968;
nakamura, 1985; schultz, 1996; collette et al., 2006). The relationship of some of
these fossil families within, or to the scombroidei is poorly understood and some
authors, notably casier (1966), Fierstine (1974), schultz (1987), and monsch (2000,
2005), have included one or more other extinct taxa (Acestrus Woodward, 1901; Con
gorhynchus darteville and casier, 1949; Cylindracanthus leidy, 1856; and Enniskil
lenus casier, 1966) among the billfishes, in spite of the fact that there is no strong
evidence that any of these genera had a non-protrusible rostrum.
since the last review of fossil billfishes (Fierstine, 1990), there have been numerous
interesting and important discoveries. noteworthy reports include the description
of a new species, genus, and family of billfish (hemingwayidae, Hemingwaya sarissa
sytchevskaya and Prokofiev, 2002) from the Paleocene of turkmenistan (sytchevs
kaya and Prokofiev, 2002), the description of a new genus and species of billfish with
uncertain affinities (Rotundorhynchus brittanicus monsch, 2005) from the london
clay (early eocene) (monsch, 2005), a brief description of the most complete speci
men of Xiphiorhynchus van Beneden, 1871 (Fierstine and Pfeil, 2002), an analysis of
the billfish, Aglyptorhynchus casier, 1966, possibly with a mobile rostrum (Fierst
ine, 2001a, 2005), and the redescription and phylogenetic relationships of the family
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Blochiidae (Fierstine and monsch, 2002). other articles include descriptions of fossil
istiophorid and xiphiid billfishes that were found identical or very similar to recent
species (schultz, 1996; Fierstine, 1998, 1999a, 2001b; Purdy et al., 2001; carnevale
et al., 2002), descriptions of Palaeorhynchus Blainville, 1818 (Pharisat, 1991; Ban
nikov, 1993), discoveries of Aglyptorhynchus in deposits bordering the Pacific ocean
(Fierstine, 2001a, 2005), and evidence that fossil tuna vertebrae were punctured by
istiophorid billfishes (schneider and Fierstine, 2004).
The following review describes some of the above publications in greater detail and
summarizes the paleohistory of billfishes. For sake of brevity, I have reduced the di
agnosis (characterization) of each taxon, but if the reader desires more information,
there are abundant citations throughout the paper.
Fossil Record
hemingwayidae
sytchevskaya and Prokofiev (2002) described a new family, genus and species of
billfish (Hemingwaya sarissa sytchevskaya and Prokofiev, 2002) (Fig. 1) from the late
Paleocene of turkmenistan based on about 16 partial counterparts. Their interpreta
tion of the material (plus a reinterpretation of the caudal skeleton by Prokofiev, 2004)
included: an elongated body with an elongate, high first dorsal fin (d1) and first anal
fin (a1), and short, low second dorsal fin (d2) and second anal fin (a2); anus and
origin of a1 are located far anteriorly at the level of eighth vertebra; the rostrum is
formed mainly by the premaxillae that bear small villiform teeth; lower jaw slightly
shorter than the rostrum and with small villiform teeth; pectoral fin short; pelvic fin
absent; caudal skeleton consists of two separate hypural plates; caudal fin forked with
bases that overlap the hypural plates (hypurostegy); approximately 30–40 vertebrae
total (15–20 precaudal and 15–20 caudal vertebrae); the last five or six caudal verte
brae each bear a lateral parapophysis; body and postorbital part of the head bear six
longitudinal rows of modified scales or scutes. maximum body length is 30–40 cm.
Based on morphological and not on biostratigraphic evidence, the authors conclud
ed that the H. sarissa inhabited the epipelagic zone, did not swim actively or enter
great depths, and captured their food in short darts. They also hypothesized that the
hemingwayidae is a sister group to the Istiophoridae.

Figure 1. Skeletal reconstruction of Hemingwaya sarissa Sytchevskaya and Prokofiev, 2002.
Modified from Sytchevskaya and Prokofiev (2002).

FIeRstIne: FossIl hIstoRy oF BIllFIshes

435

Figure 2. Skeletal reconstruction of a generalized species of Palaeorhynchus Blainville, 1818.
Modified from Pharisat (1991) and Bannikov (1993).

Palaeorhynchidae
I have not studied in detail any specimens of the three genera that are commonly
included in the family Palaeorhynchidae (Homorhynchus van Beneden, 1873; Pal
aeorhynchus Blainville, 1818; Pseudotetrapturus danil’chenko, 1960), therefore I
have relied mostly on Pharisat (1991), Bannikov (1993), and monsch (2000) for their
identification, morphology, and paleoecology. I have tentatively added a fourth ge
nus (Aglyptorhynchus casier, 1966) to the family, one that I have studied extensively
(Fierstine, 2001a, 2005; h. Fierstine and R. Weems, california Polytechnic state
University, unpubl. data). Both Aglyptorhynchus and Palaeorhynchus exhibit a downturned flange on their maxillae.
Homorhynchus, Palaeorhynchus, and Pseudotetrapturus are only represented by
counterparts, some of them as whole skeletons, whereas Aglyptorhynchus is known
from 3-dimensional bones, none as whole skeletons. counterparts of palaeorhyn
chids have provided good information on measurements and meristics, but little on
the morphology of individual bones, whereas specimens of Aglyptorhynchus have
provided detailed knowledge of many individual bones, but no data on total number
of vertebrae, morphology of fins, body depth or length, structure of lateral line, and
scale pattern.
Homorhynchus is composed of three species, one from the middle eocene of
France, another from the middle eocene of Belgium, and a third species from the
early oligocene of switzerland and Russia (monsch, 2000). maximum body length
is ca. 60 cm (Woodward, 1901). according to danil’chenko (1960), the body length
is about 8–12 times the body height, the rostrum is considerably longer than the
lower jaw, there are 50–55 total vertebrae, number of rays in d1 are about twice the
number of vertebrae, there is no d2 or a2, the caudal fin is hypurostegic, and pecto
ral and pelvic fins are present. Homorhynchus colei (agassiz, 1844) has small scales,
about 120–160 along the length of the body, and there are small teeth on the lower
jaw and the posterior half of the rostrum. monsch (2000) noted that the centra are
slightly constricted and the neural and hemal spines are spine-like, not expanded as
reported by danil’chenko (1960).
Palaeorhynchus (Fig. 2) is composed of 9–11 species and is by far the most studied
genus in the family. specimens have been identified in the middle eocene (Italy) (a.
Bannikov, et al., Russian academy of sciences, unpubl. data), late eocene (Russia),
early oligocene (croatia, France, Italy, Iran, yugoslavia), late oligocene (germany,
Romania, Russia, switzerland), and possibly the early miocene (germany, switzer
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land). monsch (2000) gave the following diagnosis for the genus: upper and lower
jaws straight, elongated and of equal length; vertebrae 50–60 in number; dorsal fin
elements about equal to the number of vertebrae.
Palaeorhynchus parini Bannikov, 1993 (late eocene, caucasus, Russia) is based on
six specimens. Unusual morphological features of the species are as follows: 60 to
tal vertebrae (37 are caudal), the posterior part of the maxillary projects ventrally,
pectoral fins short and located high on body; pelvic fins long; a single hypural plate
bearing a fused parhypural with a hypurapophysis; single epural; lower lobe of caudal
fin longer than upper.
Pharisat (1991) studied over 300 specimens of P. glarisianus Blainville, 1818, from
eastern France (early oligocene) and his characterization of the species included:
maximum size > 1.5 m total length, body length (without caudal fin) is ca. 10–12
times body height; rostra and lower jaws of equal length and both with six to seven
rows of conical teeth; rostra ranging in length from one-half to two-thirds the length
of the head; dorsal and anal fins high and elongate and each composed of three parts;
small cycloid scales cover the entire body from head to hypural plate; lateral line sin
uous; caudal fin forked and hypurostegic with the lower lobe slightly more elongate
than the upper. monsch (2000) noted that the dorsal and anal fins of P. glarisianus
are single fins and do not represent anything other than an elongate d1 and a1, and
that the neural and hemal spines are modified with distal plate-like extensions.
Pharisat (1991) discussed the paleoecology of the deposits in eastern France where
P. glarisianus was collected. he concluded that the ocean was shallow, warm, and
well oxygenated in the upper layers, but was poorly oxygenated with a high concen
tration of hydrogen sulfide at the bottom layer. arambourg (1967) and Pharisat (1991)
suggested that Palaeorhynchus inhabited the epipelagic zone and may have used the
elongated ventral lobe of its caudal fin to assist feeding at the surface or to swim out
of the water like a flying fish (e.g., Cypselurus). I disagree with their suggestion be
cause the ventral lobe was not long or stiff enough to produce the thrust to suspend
the body out of the water, and the pectoral fins were not long or stiff enough and the
body lacked the squarish cross-section to provide the needed lift for gliding.
Pseudotetrapturus danil’chenko, 1960 (late eocene, caucasus, Russia) is mono
typic (P. luteus danil’chenko, 1960) and is known by very few specimens. The holo
type is a very poorly preserved head, thus its interpretation is equivocal. The species
is characterized by a lower jaw that is nearly as long as the upper, jaws that are curved
inward at their tip and bear tiny teeth, 45–50 vertebrae, and large cycloid scales.
maximum body size is estimated at 4 m.
Aglyptorhynchus (Fig. 3) is composed of ca. 10 species that are found in various
deposits of the early eocene (Belgium, england), middle eocene (Belgium), late oli
gocene (Belgium, U.s.a.), and middle miocene (U.s.a.). The genus differs from other
scombroid and xiphioid fishes by having a tripartite celous occipital condyle (Fig.
3c), an opisthocelous first vertebra (Fig. 3d), a maxilla with a large expanded ventral
flange (Fig. 3B), and a well developed subtemporal fossa (Fierstine, 2005). The pre
maxillae fuse anteriorly into an elongated rostrum that contains (in cross-section)
one to two pairs of large diameter lateral nutrient canals, and usually an unpaired
central canal. The lower jaw has a fused symphysis and is deeper than the corre
sponding section of the rostrum, especially posteriorly. longitudinal ridges and sulci
cover the dorsal and lateral surfaces of the premaxillae and lateral surface of the
dentaries (Figs. 3B, F). The ventral surface of each premaxilla and the dorsal surface
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Figure 3. Aglyptorhynchus Casier, 1966. (A) Reconstruction of the external morphology of a
generalized Aglyptorhynchus. (B) Left lateral view of the rostrum of A. maxillaris Fierstine,
2001a, (UCMP 123170), holotype, late Oligocene, Yaquina Formation, Oregon, U.S.A. (C) Pos
terior view of the neurocranium of A. robustus (Leidy, 1860), (ChM PV6951) Ashley Formation,
late Oligocene, South Carolina, U.S.A. (D) Left lateral view of the first vertebra of A. robustus;
museum number, formation and age same as C. (E) Right lateral view of the neurocranium of A.
columbianus Fierstine, 2005, (UMBW 29536), late Oligocene, Lincoln Creek Formation, Wash
ington, U.S.A. (F) Right lateral viewe of the partial rostrum and lower jaw of A. columbianus
(LACM 143980), holotype; formation and age same as E. Scale equals 30 mm (B), 20 mm (C, E),
and 10 mm (D, F).
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of each dentary bear a band of villiform denticles (or their alveoli) approximately
2–20 denticles wide; the two bands on the fused section of the rostrum nearly join
together, except for a narrow edentulous area. The maxillae have a large condyle for
articulation with the ethmoid and the angular has a large depression on its lateral
surface for a ligamentous attachment of the maxillary flange. scales are large, oval,
and cycloid.
Vertebrae of Aglyptorhynchus are usually discovered as isolated units, therefore
the vertebral count is unknown. centra are hourglass-shaped and amphicelous, ex
cept for the first vertebra. Fierstine and Weems (2004) reported that a specimen of
five articulating precaudal vertebrae had elongated and expanded neural spines, and
each spine articulated with the dorsal prezygapophysis posterior to it to form an
overlapping unit. The expanded spines are thin and fragile, and their overlap prob
ably does little to stiffen the axial skeleton. The caudal skeleton consists of at least
four vertebrae, possibly five. The hypural plate is a large, fan-shaped structure with
a shallow posterior notch. The parhypural is fused into the plate and bears a welldeveloped parhypurapophysis.
Aglyptorhynchus probably had a mobile rostrum due to the structure of its articu
lation with the ethmoid, and had a mobile head due to the ball and socket joint with
the first vertebra. These are unusual features in a xiphioid fish. Based on figures and
descriptions in Bannikov (1993), P. parini has a ventral flange on its maxilla and a
caudal skeleton similar to Aglyptorhynchus. danil’chenko (1960, plate 23, fig. 1) illus
trated a series of vertebrae of Pseudotetrapturus luteus, each with a lateral ridge that
looks nearly identical to the ridge on the middle precaudal vertebrae of Aglyptorhyn
chus. Possibly, similarities in the maxilla, middle precaudal vertebrae, and caudal
skeleton are synapomorphic features of palaeorhynchids.
Remains of Aglyptorhynchus are found in strata that were deposited at various
depths, types of water, and temperatures. two strata, the london clay (early eo
cene) and chandler Bridge Formation (late oligocene, south carolina), were prob
ably deposited nearshore in a shallow (10–50 m), low energy, tropical environment
(taylor, 1978; King, 1981; Prothero, 1994; R. e. Weems, United states geological
survey, pers. comm.). The chandler Bridge Formation was deposited in an estuary or
lagoon (sanders et al., 1982). two late oligocene strata on the west coast of the U. s.,
the lincoln creek and yaquina Formations, were deposited at depths > 100 m and at
sea surface temperatures ranging from 20–24 °c (Fierstine, 2001a, 2005). The Pungo
River Formation (middle miocene, north carolina) was deposited at a depth greater
than 50–60 m in a warm-temperate to subtropical environment that persisted yearround (Purdy et al., 2001).
Blochiidae
The family Blochiidae (Fig. 4) is only known as counterparts from deposits at
monte Bolca (middle eocene), Italy, with the exception that schultz (1987) suggested
some rostral fragments described by darteville and casier (1949) from the congo
(eocene), might belong to Blochius. There is a single genus, Blochius Volta 1796, and
three nominal species, B. longirostris Volta 1796, B. macropterus de Zigno 1887, and
“Blochius” moorheadi eastman 1911. Fierstine and monsch (2002) redescribed, il
lustrated, and compared 63 specimens of B. longirostris, including the holotype

FIeRstIne: FossIl hIstoRy oF BIllFIshes

439

Figure 4. Skeletal reconstruction of Blochius longirostris Volta, 1796. From Fierstine and Monsch
(2002).

and paratypes, and the only known specimens (holotypes) of B. macropterus and
“Blochius” moorheadi, with its putative fossil and extant relatives. They concluded
that “Blochius” moorheadi is a nomen dubium because it is too poorly preserved and
defies an accurate interpretation. Blochius macropterus is a single specimen (right
counterpart) that also is poorly preserved and difficult to interpret. Thus, the diag
nosis of the Blochiidae is based on the morphology of B. longirostris.
Blochius longirostris has a rostrum composed of premaxillae that are usually lon
ger than the lower jaw and that has longitudinal ridges and sulci; lower jaw with
a fused symphysis; 24 elongate, hour-glass shaped vertebrae without neural spines
(except for last few caudals); caudal complex composed of two vertebrae, one epural,
and two hypural plates; two rows of large overlapping scutes running from opercle to
caudal peduncle; d1 long and high, and probably depresses into a groove; a1 much
shorter than d1; no d2 or a2; pelvic fins small; lunate caudal fin with hypurostegy.
due to the state of preservation of the specimens, Fierstine and monsch (2002) were
unable to obtain information on the morphology of the skull, dentition, and internal
structure of the rostrum.
Based on an assessment of the paleoenvironment of monte Bolca by landini and
sorbini (1996) and on the morphology of B. longirostris, Fierstine and monsch (2002)
suggested that B. longirostris had a sinuous swimming pattern and engulfed its prey by
swimming over its food, that it was restricted to shallow, tropical water (< 100 m) in the
north central tethys sea, and inhabited and fed throughout the water column.
Xiphiidae
Fierstine and monsch (2002) performed a cladistic analysis using morphological
data on all well-defined extinct and extant billfishes. The analysis joined Xiphias
linnaeus, 1758, and Xiphiorhynchus into a sister group, thus they included them as
monotypic subfamilies in the Xiphiidae. The discovery of a nearly complete head of
a Xiphiorhynchus-like fish from the early oligocene of austria (Fierstine and Pfeil,
2002) added new morphological data to support this relationship. The family Xi
phiidae is characterized by a rostrum composed of paired premaxillae, an elongate
ethmoid, and anterior extensions of the frontals; in cross-section the rostrum usu
ally contains a central canal or series of central chambers; nasal is absent in adult;
dentary with a fused symphysis; d1 and a1 are short; no pelvic fins; lack of visible
scales in adult; precaudal vertebrae are cube-shaped vertebrae with a smooth surface
texture; cleithrum with an elongate dorsal ramus.
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Xiphiorhynchinae
The monotypic subfamily (and therefore, Xiphiorhynchus) (Fig. 5) is characterized
by having a rostrum that is round to oval in cross-section and its ventral and ventro
lateral surfaces are covered with villiform teeth (or their alveoli); in cross-section, the
rostrum contains two pairs of lateral longitudinal canals with the more dorsal pair
situated closer to the mid-line than the more ventral pair; lower jaw is robust and
equal or subequal in length to the rostrum.
Xiphiorhynchus is composed of approximately nine species, plus the undescribed
species mentioned by Fierstine and Pfeil (2002) from the austrian oligocene, that
have been found in eocene deposits of Belgium (X. elegans van Beneden, 1871), egypt
(X. aegypticus Weiler, 1929), england [X. eocaenicus (Woodward, 1901; X. priscus
(agassiz, 1844)], and U.s.a. [X. cf. eocaenicus (Woodward, 1901); X. homalorham
phus (cope, 1869); X. kimblalocki Fierstine and applegate, 1974], and in the oligo
cene deposits of Belgium [X. rupeliensis (leriche, 1909)], hungary [X. hungaricus
Weiler, 1943], and the U.s.a. [X. rotundus (Woodward, 1901)]. What little we know
about Xiphiorhynchus is based on fragmentary and poorly preserved specimens. of
the nine putative species, six are known only by the holotype, five are known only
by a single rostral fragment, and one is known only by several isolated vertebrae.
two holotypes have been lost or misplaced (X. homalorhamphus and X. hungaricus).
With the exception of the undescribed specimen, X. priscus is the only species with a
skull and no skull has been found articulated with a rostrum or vertebra.
The discovery of a fairly complete, well-preserved head (including anal, dorsal, and
pectoral fins, and eleven articulating precaudal vertebrae) of a Xiphiorhynchus-like
specimen from the early oligocene, austria (Fig. 5B), offers a unique opportunity to
learn more about the morphology of the Xiphiorhynchinae (Fierstine and Pfeil, 2002).
Because the specimen is so complete and its morphology is somewhat different than
the skulls attributed to X. priscus, I based my diagnosis of both the Xiphiidae and
Xiphiorhynchinae (see above) partly on the anatomy of the austrian specimen.
other recent advances in our knowledge of Xiphiorhynchus are as follows: The ho
lotype of X. rotundus (Woodward, 1901) is a poorly preserved rostrum with the vague
provenance of tertiary phosphate beds near charleston, south carolina. monsch et
al. (2005) described additional specimens of X. rotundus (Fig. 5c) that were collected
in the charleston region, and were able to narrow the age of the specimen to late oli
gocene or early miocene. The holotype of X. eocaenicus (Woodward, 1901), a distal
rostrum, probably was collected in the selsey Formation (early middle eocene), eng
land. It was the only known specimen until Fierstine and starnes (2005) identified a
distal rostrum from the moodys Branch Formation, late middle eocene, mississippi,
as Xiphiorhynchus cf. X. eocaenicus. They noted that this discovery represents the
first record of a species of Xiphiorhynchus in deposits on both sides of the north at
lantic ocean. since the original discovery of X. kimblalocki Fierstine and applegate,
1974, in the yazoo clay Formation (late eocene, mississippi) (Fig. 5d), additional
specimens have been recovered from the yazoo clay Formation in louisiana (Fierst
ine and stringer, unpubl. data). In their study of the late cenozoic marine deposits in
the sacaco area of Peru, de muizon, and deVries (1985) list cf. Xiphiorhynchus in the
Pisco Formation (late early Pliocene). There was no description of the specimen(s),
and I doubt their identification was correct, particularly since this record would ex
tend the last appearance of the genus approximately 20 million yrs.
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Figure 5. Xiphiorhynchus van Beneden, 1871. (A) Reconstruction of the external morphology of a
generalized Xiphiorhynchus. (B) Head and anterior vertebrae of an undescribed Xiphiorhynchus
like billfish (BSM 1984 I 60), Paisslberg Formation, early Oligocene, Austria. (C) Left lateral
view of a partial distal rostrum of X. rotundus Woodward, 1901, (ChM PV4864), Chandler Bridge
Formation, late Oligocene, South Carolina, U.S.A. (D) Left lateral view of the distal rostrum of
X. kimblalocki Fierstine and Applegate, 1974, holotype, (LACM 25575.1), Yazoo Clay Formation,
late Eocene, Mississippi, U.S.A. (E) Right lateral view of an abdominal vertebra of Xiphiorhyn
chus sp. (ChM PV6992), Ashley Formation, late Oligocene, South Carolina, U.S.A. Scale equals
20 cm (B), 20 mm (C–E).
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monsch (2005) reexamined and refigured the holotype of X. parvus casier, 1966
(Bmnh P.21306), a small distal rostrum from the london clay (early eocene), and
concluded that it lacked an important diagnostic feature of Xiphiorhynchus by hav
ing only two (one pair) nutrient canals rather than four (two pair). monsch did not
align the specimen with any billfish family or genus.
If determined by consensus, Xiphiorhynchus normally inhabited shallow, nearshore, marine water in a tropical setting (casier, 1966; taylor, 1978; sanders, 1980;
Breard, 1991). exceptions include some specimens of X. priscus that were associated
with a deepwater ichthyofauna based on otoliths (stinton, 1966), and the holotype
of X. kimblalocki that was collected in a deposit that accumulated in a deep, marine
environment (manning, 2003).
Xiphiinae
This monotypic subfamily (Fig. 6) is characterized by having a rostrum that is flat
in cross-section and lacks dentition in the adult; in cross-section, the rostrum con
tains only one pair of lateral longitudinal canals and usually a series of central cham
bers; lower jaw is weak and much shorter than the rostrum.
The fossil record of X. gladius is sparse. most specimens were collected in the Ital
ian Pliocene. In the only exception to the Pliocene age, Jermanska (1962) identified
a segment of an articulated vertebral column with partial dorsal and anal fins, from
the middle miocene of Poland, as a juvenile specimen of Xiphias sp. lawley (1876)
identified several rostral fragments from the Italian Pliocene as X. delfortrieri, but
they were reidentified by santucci (1923) as X. gladius. sorbini (1988) illustrated,
but did not describe, a fairly complete specimen (Fig. 6B) from the marecchia River
deposit (early to middle Pliocene) of eastern central Italy, and Purdy et al. (2001) de
scribed a rostral fragment from the yorktown Formation (early Pliocene), lee creek

Figure 6. Xiphias gladius Linnaeus, 1758. (A) Skeletal reconstruction (modified from Gregory
and Conrad, 1937). (B) Lateral view of a nearly complete specimen (MCSNV 106), Marecchi
River (early to middle Pliocene), Italy. Scale equals 20 cm (B).
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mine, north carolina. The only other specimens known are from holocene (Recent)
deposits associated with human activity (Poplin, 1975; davenport et al., 1993; John
son, 1993).
Based on an analysis of the fish fauna collected at the marecchia River locality,
sorbini (1988) considered the environment similar to the modern atlantic-mediter
ranean biogeographic region. he believed that the water depth was often over 100 m,
but not far from shore, and the climate was subtropical. Purdy et al. (2001) discussed
the paleoecology of the yorktown Formation and concluded that it represented a
mixture of tropical, warm-temperate, and cool-temperate fish that preferred tem
perature ranges observed off cape hatteras, nc today. They also suggested that the
water depth was > 50 m and that deposition occurred in the deeper part of the inner
shelf.
monsch (2005) described two distal rostra from the london clay (early eocene)
as having a near circular cross-section with a large central canal and two (one pair)
lateral nutrient canals, and their ventral and lateral surfaces covered with villiform
teeth. on the basis of this mix of characters, he established a new genus and species,
Rotundorhynchus brittanicus monsch, 2005, but was unable to ally the new genus
with any particular billfish clade. The specimens are small (ca. 80 mm long and 20
mm in diameter) and poorly preserved. Until better material is available, the status
of Rotundorhynchus will remain an enigma.
Istiophoridae
This extant family (Fig. 7) is composed of three genera (nelson et al., 2004), Is
tiophorus lacépède, 1801 (one species), Makaira lacépède, 1802 (seven species), and
Tetrapturus Rafinesque, 1810 (five species). They differ from other xiphioids by the
following autapomorphies: prenasals are included in the posterior half of the ros
trum; rostrum is round to oval in cross-section with one pair of lateral longitudinal
nutrient canals; lower jaw with a toothed predentary at the distal tip; and 24 verte
brae mostly with interlocking neural and hemal spines and zygapophyses to form a
stiff unit. Istiophorids are found worldwide in temperate to tropical seas and most
species inhabit the oceanic realm.
“Istiophorus” solidus (van Beneden, 1871), late eocene, Belgium, is a poorly pre
served rostral fragment with one pair of round nutrient canals that are placed more
toward the periphery than in other istiophorids. Paired grooves run the length of the
dorsal surface and indicate the presence of prenasal bones. The specimen is probably
an istiophorid, but its morphology is unlike any known species of extinct or extant
billfish. Because most early workers placed fossil billfish of disparate morphologies
in Istiophorus, Fierstine (2001b) renamed the specimen “Istiophorus” solidus to rec
ognize its importance without establishing a new genus.
Istiophorus is monotypic [I. platypterus (shaw and nodder, 1792)] and has been
found in deposits of late miocene (Virginia), early Pliocene (north carolina), and late
Pliocene (california) age (gottfried, 1982; Fierstine, 1998, 2001b). although extant I.
platypterus is readily identified by the sail-like first dorsal fin and the elongate pelvic
fins (nakamura, 1985), these characters are unknown in fossil sailfish. two maxillae
and five rostra of I. platypterus were identified in deposits at lee creek mine (york
town Formation, early Pliocene, nc) (Fierstine, 2001b) and gottfried (1982) identi
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Figure 7. Makaira Lacépède, 1802. (A) Skeletal reconstruction of M. nigricans Lacépède, 1802,
(from Davie, 1990). (B) Partial skull of M. nigricans, (IGM 7889), Trinidad Formation, late Mio
cene to late Pliocene, Baja California Sur, Mexico, left lateral view. (C) Right ventro-lateral view
of the throat region (with pectoral and pelvic fins) of M. indica (Cuvier, 1832), (no museum num
ber), (?)Cabatuan Formation, early Pleistocene, Northwest Central Luzon, Philippines. (D) Dor
sal view of the rostrum of Istiophorus calvertensis Berry, 1917, holotype (USNM 9344), Easto
ver Formation, late Miocene, Virginia, U.S.A. (E) Right lateral view of the neurocranium and
rostrum of M. panamensis Fierstine, 1978, holotype (USNM 181710), Chagres Sandstone, Late
Miocene, Panama. Scale equals 5 cm (B–D), 10 cm (E).

fied a single, incomplete trunk vertebra from the san diego Formation (late Pliocene,
ca) as I. platypterus. There are two records of sailfish-like specimens. Istiophorus cf.
I. platypterus was identified at lee creek mine from one rostrum and one hypural,
and I. calvertensis Berry, 1917, a distal rostrum (Fig. 7d), collected in the eastover
Formation (late miocene, Va), was reidentified as Istiophorus cf. I. platypterus (Fier
stine, 1998; 2001b).
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Makaira belgicus (leriche, 1926) (middle miocene, Belgium) is a distal rostral
fragment, and is the oldest known species of the genus. schultz (1987) gave the age
of the specimen as late miocene, but I have been unable to corroborate his deci
sion. It is very similar morphologically to the rostra of extant M. nigricans and of
M. nigricans from lee creek mine, except for the position of the nutrient canals
within the rostrum (Fierstine, 2001b). Makaira courcelli (arambourg, 1927) (early
Pliocene, algeria) consists of two rostra and several rostral fragments. Because the
internal anatomy of the rostra is unknown (specimens have never been sectioned
or ct scanned), it is difficult to make a meaningful comparison with other fossil
and extant istiophorids (Fierstine, 2001b). Makaira panamensis Fierstine, 1978 (late
miocene or early Pliocene, Panama) was described from a large neurocranium with
a poorly preserved rostrum attached (Fig. 7e). The rostrum was too badly crushed
to provide useful comparative data. Makaira teretirostris (van Beneden, 1871) (?mid
dle miocene, Belgium) is a large, distal rostral fragment with paired nutrient canals
and prenasal bones. The original description of the specimen was based on a cast
and an artist’s drawing, and disposition of the specimen itself is unknown. schultz
(1987) gave the type locality as southern France and age as Pliocene. Without more
morphological information, Fierstine (2001b) was unable to make an accurate com
parison with rostra of other extinct and extant billfishes. Makaira purdyi Fierstine,
1999b (early Pliocene, north carolina) was identified from a single distal rostrum. It
is morphologically distinct from any extant or extinct istiophorid by having the fol
lowing combination of characters: (1) premaxillae are short and stout with denticles
covering at least the distal one-half of its dorsal surface; (2) at the distal one-fourth of
the length of the rostrum, the cross-section is nearly round (Fierstine, 2001b).
There are three fossil records of black marlin [Makaira indica (cuvier, 1832)] or
black marlin-like (Makaira cf. M. indica) specimens. The oldest record of M. indica
is from lee creek mine (early Pliocene), an identification based on four predentaries
and two scapulae (Fierstine, 2001b). In this case, the identifications based on preden
taries are flimsy evidence, but the scapulae are quite characteristic of black marlin,
with each having a narrow, flat articular surface for the first pectoral fin ray (Wape
naar and talbot, 1964). a nearly complete head (including pectoral and pelvic girdles
and fins) of M. indica (Fig. 7c) was collected from the ?cabatuan Formation (early
Pleistocene), luzon, Philippines (Fierstine and Welton, 1983). Makaira cf. M. indica
was identified at lee creek mine on the basis of a single, partial scapula.
Blue marlin (Makaira nigricans lacépède, 1802) or blue marlin-like specimens are
the most common fossils of the Istiophoridae. The earliest records are from the late
miocene where M. nigricans was identified in three deposits in southern california
(Fierstine, 2001b), and M. cf. M. nigricans was identified in the eastover Formation,
Virginia (Fierstine, 1998), the gatún Formation, Panama (Fierstine, 1999a), and the
Pietra leccese, Italy (carnevale et al, 2002). The southern california specimens were
originally identified as Makaira sp. (Fierstine and applegate, 1968; Fierstine and
Welton, 1988), but were re-identified by Fierstine (2001b) after more skeletal mate
rial of extant istiophorids became available. a large skull (Fig. 7B) and several rostra
of blue marlin have been recovered from the trinidad Formation, Baja california
sur, mexico (late miocene to late Pliocene) (Fierstine et al., 2001). Makaira nigricans
was the fossil istiophorid most commonly recovered at lee creek mine (early Plio
cene) (Fierstine, 2001b), where out of over 500 istiophorid specimens examined, 38 of
them were rostra of M. nigricans. Besides the late miocene specimens noted above,
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31 specimens (mostly vertebrae) of M. cf. M. nigricans were identified at lee creek
mine (Fierstine, 2001b).
schultz (1996) identified two rostral fragments from the early Pliocene, spain, and
Fierstine (2001b) identified five rostra and six other elements from lee creek mine as
Makaira sp. Four small, hourglass-shaped vertebrae from the london clay (early eo
cene), england were identified as Makaira sp. (monsch, 2005). I question monsch’s
identification because vertebrae are difficult to identify to genus or species, their
morphology is unlike any istiophorid vertebra I have ever examined, and the age of
the deposit is 20–30 ma older than previously known for any other istiophorid.
The only records of the genus Tetrapturus are from lee creek mine where Fi
erstine (2001b) identified 14 non-rostral elements as white marlin, T. albidus Poey,
1860 and two maxillae as white marlin-like, T. cf. T. albidus. he had reservations
about recognizing these specimens as T. albidus because identifications were based
on poorly preserved material.
sometimes there are conflicting views on the depositional environment of strata
containing fossil istiophorids. For example, Kimmel and Purdy (1984) concluded that
the eastover Formation represents a nearshore, shallow, cool-temperate environ
ment, based on bottom fish, whereas Ward and Blackwelder (1980) concluded that
the formation represented an open, pelagic, warm-temperate environment based on
mollusks. There are other examples in the literature (Fierstine and Welton, 1988;
Fierstine, 1998).
most often, there are no conflicting views. Based on geological evidence, gibson
(1983) concluded that zone 1 of the yorktown Formation at lee creek mine (early
Pliocene) was deposited at water depths of 80–100 m, a conclusion that was basically
in agreement with Purdy et al. (2001). The black marlin bearing strata of the cabatu
an Formation (early Pleistocene, Philippines) was deposited in water slightly deeper
than 300 m (Fierstine and Welton, 1983), and the istiophorid bearing strata of the
trinidad Formation (late miocene–late Pliocene, Baja california sur) was deposited
far offshore at a water depth of at least 100 m (Fierstine et al., 2001).
habitat Preferences and distributional Patterns
Fierstine (1998, 2001b) hypothesized that fossil istiophorid billfishes had ecological
preferences and distributional patterns similar to extant istiophorids, a hypothesis
based on the assumption that fossil and extant istiophorids were similar physiologi
cally. This hypothesis has tacitly been extended to include fossil and extant Xiphias
(Fierstine and starnes, 2005). although the hypothesis sounds reasonable, there is
no way to prove it, and if there is conflicting evidence, one tends to choose the evi
dence that supports the hypothesis. as noted above, sometimes there are conflict
ing data as to the depositional environments of strata that contain billfishes, so the
paleontologist often chooses the environment that is similar to the habitat of extant
billfishes (i.e., oceanic with a water depth of at least 100 m). For example, Fierstine
and Weems (2004) reported that X. rotundus in the chandler Bridge Formation (late
oligocene, south carolina), a shallow, lagoonal habitat, grew to become giant fish,
probably over 5–6 m in total length. Fish of this size would not normally inhabit shal
low water. Fierstine and starnes (2005) tried to explain the presence of X. eocaenicus,
another supposed giant oceanic fish, in two middle eocene shallow water deposits
and concluded that because they are remains of rostra, the specimens were either
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transported into shallow water by ocean currents, as stomach contents if specimens
were eroded, as remains of a stranded individual, or as remains of an animal (e.g., a
whale) that had been impaled previously in deeper water.
distributional patterns of fossil billfishes are explained in much the same way
as ecological preferences, that is they are based on (biased by?) the distributions of
extant billfishes. For example, the presence of M. indica at lee creek mine (early
Pliocene, north carolina) was explained as having migrated from the Pacific ocean
via the Panama seaway rather than around the cape of good hope from the Indian
ocean (Fierstine, 2001b). on the other hand, Fierstine (2001a) explained the pres
ence of Aglyptorhynchus in the eastern Pacific ocean as having migrated in the op
posite direction, i.e., from the atlantic ocean via the Panama seaway rather than
a transpacific migration from the tethys sea. carnevale et al. (2002) explained the
presence of M. cf. M. nigricans in the mediterranean sea during the late miocene
(blue marlin are absent from the mediterranean today) by the billfish migrating from
the Indian ocean via the narrow, soon-to-be closed tethys seaway or possibly from
the atlantic ocean via a shallow portal in spain or a shallow corridor in morocco.
not all distribution patterns are hypothetical. For example, there are three records
of the genus Makaira from late miocene deposits of southern california (Fierstine
and applegate, 1968; Fierstine and Welton, 1988; Fierstine, 2001b). although there
are published records of extant M. nigricans as far as 35°n in the eastern Pacific
ocean (nakamura, 1985), extant blue marlin are considered rare off southern cali
fornia today (eschmeyer et al., 1983). Thus, the fossil record of M. nigricans provides
evidence that the coastal paleoclimate of southern california was warmer than at
present (Fierstine and Welton, 1988).
loss of Jaws of equal length in extant Billfishes
Is there a functional explanation for extant billfishes having their rostra extend
well beyond their lower jaws, whereas most extinct billfish genera (e.g., Aglyptorhyn
chus, Palaeorhynchus, Xiphiorhynchus) have upper and lower jaws of equal length?
Based on the knowledge that modern billfishes sometimes use their rostrum for de
fense and food capture (Frazier et al., 1994), if jaws of equal length were used to im
pale prey or a predator, both jaws would probably be closed or nearly closed during
the act of stabbing. after the initial thrust, the billfish would need to withdraw its
jaws from the object fairly quickly in order to pass water over its gills for respiration.
Withdrawal from small prey would probably not be a problem, but withdrawal from
large predators (e.g., sharks or other billfishes) could be difficult. It is well known
that sometimes healthy istiophorid billfishes are captured with foreshortened bills
(Frazier et al., 1994) and that sometimes sharks and billfishes have been captured
with one or more bills impaled in their body (Fierstine, 1997; Fierstine et al., 1997).
Thus, withdrawal can be difficult with only a rostrum, but the extinct billfish would
need to withdraw both jaws. Istiophorids can remain healthy with a foreshortened
rostrum (they are not regenerated), but if the loss included a foreshortened lower
jaw as well, I doubt it would be able to continue to capture prey and would starve.
Thus, a billfish having an elongate rostrum and shorter lower jaw is probably better
adapted for impaling prey and predator than jaws of equal length. This argument
might not hold for Xiphias, because to the best of my knowledge, no swordfish has
been caught with a foreshortened rostrum, even though numerous objects (e.g., deep
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Figure 8. First appearance and last appearance of various genera of billfish in relation to the geo
logic time scale (Gradstein et al., 2004) and evolution of the Caribbean (Ituralde-Vinent, 2003)
and Tethys (Rögl, 1998) seaways during the Cenozoic. Modified from Dickson and Graham
(2004).

sea submersibles, marine turtles, whales) have been found with broken swordfish
bills impaled in them (Frazier et al., 1994). however, the swordfish tends to slash its
prey, not impale them (scott and tibbo, 1968), thus use of its bill for impalement may
only be a desperate act of defense or an error in judging distance when feeding under
floating or slow moving objects (Frazier et al., 1994).
conclusions and Future directions of Research
There are five families of fossil and extant billfishes (six if you believe the subfami
lies Xiphiinae and Xiphiorhynchidae deserve family status) (Fig. 8). hemingwayidae
from the late Paleocene of turkmenistan, is the oldest billfish family. The first ap
pearance (Fa) of each of the families occurred in the region of the tethys sea (or
Paratethys), except for the subfamily Xiphiinae that first appeared in the western
north atlantic ocean. two of the families (hemingwayidae and Blochiidae) have
never been found outside their type locality and chronostratigraphic unit. Three gen
era, Aglyptorhynchus, Palaeorhynchus, and Xiphiorhynchus were in existence for ap
proximately 27 ma, i.e., the time that elapsed between their Fa and last appearance
(la). The times between the Fa and present for the extant genera Istiophorus, Mak
aira, Tetrapturus, and Xiphias are 11 ma, 15 ma, < 5 ma, and < 15 ma, respectively.
There is at least a 5 ma gap in the fossil record between the Fa of all extant billfish
genera (excluding the questionable “Istiophorus” solidus) and the la of any extinct
billfish genus. There is a gap of 10 ma between the la of the Xiphiorhynchinae and
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the Fa of the Xiphiinae. If the two subfamilies are truly sister taxa, then you would
expect them to overlap or be continuous. greater scrutiny of museum collections
from the early and middle miocene (e.g., astoria Formation, oregon, U.s.a.; calvert
and choptank formations, eastern U.s.a.) should help complete our knowledge of
the paleohistory of the Istiophoridae and Xiphiidae.
There are numerous other areas of fruitful and pending research. The study of
the fairly complete head of a Xiphiorhynchus-like billfish from the austrian oligo
cene that is being completed by Fierstine and Pfeil (2002) will provide details about
the subfamily heretofore unknown. The analysis of the fish fauna of the ashley and
chandler Bridge formations, south carolina, as reported by Fierstine and Weems
(2004), will elucidate the morphology of the lower jaw and vertebrae of Aglyptorhyn
chus. Finally, a detailed cladistical analysis of both extinct and extant billfishes using
both morphological and molecular data should provide meaningful phylogenetic re
lationships between the scombroidei and Xiphioidei and within the Xiphioidei.
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